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Development of Solid Lubricants for High Temperature Rolling Ceramic Bearing (Part 2) 

Ternary System Solid Lubricants Composed of CaF 2 + BaF 2 and Cr a O s 
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2.1 Hf*»»a**<»»j3ta* 

1". HWttlltLtB, CaF 2( BaF 2 , Cr 2 0 3 

1-6tt»rt-0***li t gmtH«K:Ni-Cr<fr£- 
(>f >=?*n* 713 C) TKffsU KI***>»# 
£ 70Lxl7PFxi4tf (mm) t Lfc- ifc, 

£ L-CNiS-fr* (Ni-23.2Co-17.0Cr-12.5Al 
-0.5 Y) »*£JBv*fc. 

2. 2 



ttlftfr No. 






4vr 




mass % 




vo\% 




CaF, 


+ BaF, : Cr a O s 
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50 : 50 


10 : 90 
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50 : SO 


20:80 




3 




50 : 50 


30 : 70 
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50 : 50 


40 : 60 
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40 : 60 


20 : 80 
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60 : 40 


20 : 80 





>*4 : Ni-23.2 Co-17.0 Cr-12.5 A1-0.5Y 



£2 «^S«^fF1ffi8S»*# 
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1 000 rpm 
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800 t 


m is 


W»»fl-t«n-teft* : 4.9 N 




* ft 







(SEM) fci^XS-J-ODTt^f 
(EPMA) »= J: 0 flURfr LN^Mfrfcfrfr o fc. 

2.3 »iaa a «kh * *w 
•c) tfci+6**M*tt*. *r**)Hiaft««*« 

HfratftJWW^ftJBlStiKfflXttilifr (High 
Temperature X Ray Diffraction) iz J: 0 $gs2 L 

3. set* asm * 

Hlli. * 1 * L fz H#«»a*R^»»* 

■ftiHWa*^ (CaF 2 + BaF 2 , Cr 2 0,) <nm^M 
^•^ 50:50 (mass%) r-Jgt U 

(tt»fr No. 1, 2, 3, 4) ®S^«3^ 
gij i y< ^ > ^ t <7)r£-g-fiJ^ £ 20 : 80 (vol %) "C 

«M»3HttR (W»*No. 2, 5. 6) co*^ i £ 

®(co>-->-Cli. 0 1 (b)<7)ijU8Ui No. 2 fil, 

0.2Je«^HI[-Wfti*WUSf3eL"Cv^. s 
ftltfttKMtt^^^ 1.5m/s ? *IJSwfittT'*£ 

rft.fcWLBIl (a)wttJBIflrNo. 1TB. 
01 (c)«oS»^No. 3Tii, t 
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(f) RJRfr No. 6 
■ttNffl&l : > 7=20 '■ 80 (vol %) 
CaF, + BaF, : Cr 2 O,=60 : 40 (mass %) 
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&9 0.35 sieojas^tt-cseje i/c. 

Hl(d)wK»frNo.4TI*. JtHSfffttt*!: 

*SHEB** fclSt* lc US < £ 9 Wt, 
0.42S*«OilSHiT3rjeLfc. SI&f;t*ftJBtM 

i-ClzigTU lm/s ! iS 
*>tt-Cgcj£l,fc. teii, UMK No. 3 i No. 4 

&±frt>, ®tciJ^T(±, WW No. 2<OBKfc 
ti-ofz. 

^(c©|zo^-C{i, E 1 <e)<7) No. 5 T 
f, #K*|«#«SyfJS< *9**ttfc0.2S 
m/s 2 tS<4:ofciit( , l:fiTL1.5 m/s 2 *§K 

01(f) WKSttf No. 6 T'ii, A^MRftlt * t 

9 0.25S*T$rjeLfc. »lftli*tt*M<ft« 

(c 7.2 m/s 2 i tt < 4r 1 fc *« 1" <' KffiT L 1,8 

frttt^ tz. 

20 : 80 (vol %) \z I 
J: tfJB» t h <& < SSc L X ^ 

S5£-fiJ^£ 50 : 50 (mass%) l=U 

3.2 <*^§S«?4lfiliK^^Sc7)#^ 

SWfr No. 3 t No. 4 ?7ifrKftlitaRl$fl]| 30^ 
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SI 2 «&£##ittIi£Ufti@* i i y> 

SEM EPMA iz £ hfrm&ZkX-hh. 

m 2 J: 9 , @{ra»fflftR?>#ffittft£ J: tf_h 
Si5iS&# i TS&tSS&fr cote** 9 *»»t k fti+ 

20: 80 (vol%), HfriKlrt^J^coffi-g-fiJ^*>' 
50:50 (mass%) ^CtiM^ISS^T 

CWSSiLT, El 3 J: 9, *fi<rix*>flHWI 

><4 v^t<7)?ft-g-«i)-^*<20 : 80 (voI%) coaSK 
Jt No. 2 i No. 5 IzttfcLtzT&U&lftco&fr 9 

W«WPU««-waB^-«^**50: 50 (mass%) <=OK 
S&tt No.2W»#R+tllflcM»ffl***< ff«L 

12 2 tH3*^*ftftfc-3v>T#*-f4. 
jtt»itNo. 3 t No. 4 coUSsl^fy]** 30^-T-*-5 

■frm&tfmu-t h iz'&^mn&tfmat 
mts-tttzm&r'U, cr 2 o 3 *>E£-au<s-j&«:nsiiQi- 
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(d) SRIiNo. i ( e ) StKtfr No. 5 (f)K**No. 6 

BKfcJWfl] : '<<f > ^=40 : 60 ivol %) BttEMHH : '<-f > r=20 : 80 (vol %) @*>BI?S« : '< -f > *-=20 : 80 (vol %) 

CaF, + BaFi : Cr,O,=50 : 50 imass %) CaF, + BaF, : Cr,O,=40 : 60 (mass%) CaF, + BaF, : Cr,O,=60 : 40 (mass %) 

m 3 SEM Sl&ife* to J: If EPMA t J: & Jft##«rl£* 



B#B»ffl*#'>B*«<frfc:o^-Cli t Off: 
ffl»SU0M5-»t , '>Cr,O 1 wJfiBH=fife^ftR**flHSf 
I, *1"< Cr 2 0 3 <7)iiiDl- ^ L "CTpBIS 

a 4 a, *it^*i«iii{*jH»#j«ii«aujEKW 



mfflf&fr<?)m&®&* 50 : 50 (mass%) T-JE 

fcBwammm (kkk-no. 1, 2. 3, 4) <r> 
t , ©B#«»ffl t'<4>rt <n^m& t 

20: 80 (vol%) Y— j£fcU BiCaTfMl*«-W 
Bfi-tl'frfrSEiteBfWHJWBUftK (t**# No. 2, 

5, 6) ^Lt^5. 0 5li. 



OCT 04 "'97 02:03PM LINDA HRLL LIBRARY 



P. 8 




i* No. 3 

=30 : 70 (vol%) 
50 : 50 (mass%) 




No. 6 

-20:80 £vol%) 
i0 : 40 (mass %) 



iss%) v-m 

2. 3, 4) CO 

(Ktt* No. 2, 

fi, ^fUFft 

■5. 
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0 200 400 600 800 1000 
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a«. t 
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0 6 

fi 

» 0.4 

0.2 





1 1 1 

-o-«a 


























t 




1 



1.0 



0.6 



fi o.4 
* 







-o- ft* 






; r 






V t f \ 












! 1 

1 • 
l : 





1.0 




0.6 






« 


0.6 


tf 




fi 
« 


0.4 




0.2 





1 1 
-O-M 














































i 



200 400 BOO 800 1000 

&&, °c 

(d) K«JYNo. 4 
BSttiHifrM : '<4 > ^=40 ■ 60 (vol %) 
CaFi + BaF, : Cr,O,=50 : 50 (mass%) 



0 200 400 600 800 1000 

a*. *c 

(e) Kft*N*o.5 
HttiMfll : '< 4 v r=20 : 80 (vol %) 
CaFi + BaF, : CrA = -*0 : 60 (mass%) 

m 4 «ffi&«tt#&J£fts»«* 



0 200 400 60O 800 1000 

as. °o 

(f) CUfttt No. 6 
mftMftftl : > *"=20 : 80 (vol %) 
CaF a + BaF 3 : Cr,O,=60 : 40 (mass%) 




'10:90^ * 
T 4oTeo"50:SO'60:40' £ 
CaF2+8aF2 : Cn03, mass % 

1 5 KiaaMa^w*wH#niiwM^ 



04 J: ^ (DCO^-Cli, 0 4(b), (c), 
(d)f>«RfrNo. 2, 3, 4t", #^^^ 700 °C 

fe 800 TC, fc <£ t/ f BfcffiH* ^ 800 TC 400 
'C ^aK«BSiYJ»«ff«fc*'fiTLfe* f , El 4 
(a)coSURJt No. 1 til, #ffiB#fcJ:(/l*l&l$fc 

tt»* No. 2, 3, 4^lfe&I4 3 (wtia«ltw^^H 

m®ffimfr+ft#& L K»W No. 1 

+ K li H#a«W4^ tt**4>fr o fc t flfc. 

©(co^-Cli, 14(e), (f )cof£S£)t No. 5 
t No. 6 T'»±, ^rS»#tfO 700 °C ^ 500 t «Ofi 

vol%JSl±fcUfc»^. ftK+^BfltaWM*^ 
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50 (mass%) tLfc«^, mfls^lfc^TT* 
-frW'fr, *fc. H<*a»iW)»«- , t , ^>Cr,0» 

ff+LX^ltttbtLbW (BaCr0 4 ) **tt 
A, KSJfr No. 2 fclW*K»lft3*L, ftft&ftft 

*fiX»6]*rfc: J: 9 Sr£*> 970 'C 4 T* 
100 'C r i fc^Hfr L fc. B6C i±. 700 *C W± 
(970 'O tWfMfftt***'*". 

fc, Mis* 1 A> 600 °c i -c<r>&8t 

<biiBftfeni^* f . 700 °c ja±tc±j^T-?-ixs 

fM^t I- L BaCrO, 5 ft 

700 *c *'fei^ia^ (7) 400 *c *-cwa«ieHi=iJ 

BaCrO, W^fiSt<7)Ffll3ffl&gtt* f ^L, IWCifi 
^;J:il: CaF 2 t J: Q §EfLfc*«1*tt 

£ jjrf - £ * {fJ J3 hfrttc-oti. %ti, 300 'C 



4. t t A 

J: tfHtt»»«J3^*>BJ£»fr 
#tt*9WiL-fc8*, BIT*) 

(1) «J*tt»ffHBK*™&*-C'li, BttHtt*! 

fc^M > r £ tfOift-g-glJ-g-*' 20 : 80 (vol%), 11 

50 : 50 (mass %) <0 

(2) jfeatEaiW^KflMHiJJiWSlftiVX*^ 

£ ->M > 7 £ wfim*' 20 : 80 (vol %) , m 
WBtiMi&ftnti&ii&ii' SO ■ 50 (mass%) O 

(3) KfiffiftftWftWfettlfcwISft-Cli. Stt 
«»JWw»-frM'fr* r 20 vol % Jii±(7)@#i&3rt#J 




90.0 



20 

(a) ®$\'<fr-> 









• -BaCrthtf-? 







( b ) BaCrO, f- f t 

16 700 X: JiLtT- BaCrO. OiiilfcA'm&S HfcSSfiXilEirrgi* 
— 44 — 



feTU ifc, 
50 : 50 (mass' 

r§-#JfiS;#'t , «'>< 
^ttRjWWfeL 
(4) i*5r&X8 
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50:50 (mass%) CLttfrt. 
tffi<« l 3eLte*[**1"-t. BUM**** 

/ftS^^^ Cr 2 o 3 tfolB-g-tiJ^-* < ii'/)ii'f * 

(4) jfi5fflX«B!*f*>»*. 700 TC Jil-tOfflg-C, 
H#«»««JI+t BaCr0 4 ft* Z t, 



BaCrO, W«*WBK:«lMtt**ffffiU CaF, t 



l) 



8* 

h?4iKoyxK 40, 12 (1995) 1037. 



ft, AH****! 

.0 (vol%), @ 
) (mass%) <r> 



90.0 
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